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to physically interact with their surroundings. Until recently, the study
of cells in the context of their environment has mainly been driven by
the goal to identify and characterize the relevant biomolecules for struc-
ture formation using the methods of molecular biology. However, with
the advent of appropriate experimental and theoretical tools that allow
for capturing the physics of cellular mechanics and dynamics with high
resolution, the viewpoint of structure–function relationships has shifted
from considering cells as passive entities to regarding them as a form of
active matter. This perception is based on the fact that cells can exhibit
emergent collective behaviors by consuming chemical energy to
produce non-thermal ﬂuctuations, which impact their mechanical
properties.
One of the great challenges in the ﬁeld of mechanobiology is to ﬁnd
ways to bridge the different length and time scales covered by experi-
ment and theory. Oneway to tackle this issue is to devisemodel systems
that allow merging bottom-up with top-down approaches, which is
necessary for identifying themajor players and ruling concepts in cellu-
lar mechanics.
In living cells, mechanical forces are detected and exerted through a
cross-linked and active network of protein ﬁlaments serving as a dy-
namicmatrix capable of rapid assembly and disassembly. In eukaryotes,
this so-called cytoskeleton is composed of three types of ﬁbrous pro-
teins that are building blocks for larger assemblies differing in structure,
dynamics and function. The structural and functional intricacy of the eu-
karyotic cytoskeleton emerges from the interaction with hundreds of
associated proteins, like nucleation promoting factors, cross-linkers,
capping proteins, and molecular motors. Additionally, the extracellular
matrix secreted to the outside of the cells provides mechanical and bio-
chemical support to form a scaffold for tissue formation.
On larger length scales, cells act as complex viscoelastic bodies that
can adhere, migrate and display mechanical properties, which reﬂect
not only their direct environment but also their biological state. For
instance, mesenchymal cells exhibit different elasticity compared with
epithelial cells and themetastatic potential is also reﬂected in the rheo-
logical properties of cells.
Finally, most eukaryotic cells interact directly with each other enter-
ing a multicellular state that eventually results in an organ or even or-
ganism. The mechanics of development and embryogenesis prescribed
by the genetic code is a ﬁeld that embodies knowledge of mechanics
of ﬁlaments and individual cells to explain emergent phenomena, in
which large masses of cells are forged into functional organs. The me-
chanical properties of tissues eventually serve as epigenetic regulators
and thereby steer morphogenesis.
Besides these fundamental aspects of cellular mechanics, a more
profound treatment of the physics of living matter on the molecularhttp://dx.doi.org/10.1016/j.bbamcr.2015.08.002
0167-4889/© 2015 Elsevier B.V. All rights reserved.and cellular level is pivotal to understand human diseases associated
with pathological dysfunction of cells and their environment. Among
the many increasing examples illustrating the importance of cell
mechanics for human diseases, one should mention alterations of
bone formation, cardiovascular diseases comprising heart failure and
hypertension, asthmatic attacks, virus infections, tumorgenesis, and
arthritis.
In this special issue, the collection of articles covers the various the-
oretical and experimental aspects of mechanobiology to foster a deeper
understanding of cellular mechanics from a biophysicist's view. The
issue includes work on different length scales ranging from small
molecular assemblies over single cells to tissue formation.
Plasma membrane models serve as bottom-up starting material to
understand the deformation of the plasma membrane, endocytosis
and adhesion covered by the articles of Claudia Steinem, Winfried
Römer and Ana-Suncana Smith. Structure and dynamics of cytoskeleton
networks comprising microtubules, intermediate ﬁlaments and actin
networks either in native cells or reconstituted are reviewed by Klaus
Kroy, Sarah Köster, Gijsje Koenderink, Mikkel Jensen, Julie Plastino,
Kumar Sanjay and Megan Valentine. The mechanics of living cells in
the context of their environment, metastatic potential and external
cues are described and reviewed by Jochen Guck, Andreas Janshoff,
Ulrich Schwarz, Timo Betz, Erich Sackmann, Josef Käs and Yuri Efremov.
Collective phenomena of cells are discussed by Joachim Rädler and Paul
Janmey. Joachim Rädler et al. address epithelial cell migration, while
Paul Janmey and coauthors review the signiﬁcance of the extracellular
matrix for pathologies and proper cell function.
Finally, wewould like to express our gratitude to all the authorswho
have contributed to this special issue. Our special thanks also goes to Tif-
fany Hicks from BBA, who gave us great support in handling the manu-
scripts and Nikolaus Pfanner and Andy Deelen, who initiated the
project.Sarah KösterAndreas Janshoff
2976 EditorialSarah Köster studied physics in Ulm and received a PhD in
Physics from the University of Göttingen in 2006. She then
joined the group of David Weitz at Harvard University as a
postdoctoral researcher. In 2008, she returned to Germany
as a Junior-Professor at the University of Göttingen. In
2011, she was promoted to W2-Professor at the faculty of
physics. Her research interests are cell biophysics, X-ray
physics, microﬂuidics and imaging.Andreas Janshoff got trained in Biology and Chemistry. In
1997, he received his PhD from the University of Münster
for studies on acoustic resonators for biosensor applications
in the group of Hans-Joachim Galla. As a postdoctoral fellow
in the group of M. Reza Ghadiri at the Scripps Research Insti-
tute, La Jolla (CA, USA), he then focused on scanning force
microscopy of lipid bilayers and supramolecular systems. Af-
ter his return to Germany in 1998, he started his Habilitation
in the group of Harald Fuchs at the University of Münster
continuing with scanning force microscopy of biological sys-
tems. In 2001, he was appointed C3-Professor for Physical
Chemistry at the University of Mainz and was subsequently
promoted W3-Professor for Biophysical Chemistry in 2006.
In 2008, he was appointed W3-Professor for Biophysical
Chemistry at the University of Göttingen. His current research ﬁelds are single molecule
mechanics, mechanics of model membranes and cell biophysics.Sarah Köster
Institute for X-Ray Physics, Georg-August-University of Göttingen,
Friedrich-Hund-Platz 1, 37077 Göttingen, Germany
Andreas Janshoff
Institute of Physical Chemistry, Georg-August-University of Göttingen,
Tammannstrasse 6, 37077 Göttingen, Germany
